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Abstract 
Knowledge of the future energy demand in the world, in a region, or even in a single country, is an important tool for 
planning and establishing an energy policy either by international agencies or by the respective government. This 
energy demand will have to be satisfied by an optimum mix of the available energy sources, taking into account the 
restrictions imposed by future economic and social changes towards a sustainable world. However, forecasting 
energy demand is a complex task because it is affected by many variables at the micro level. Therefore, a macro 
model with only a few variables that can be predicted in a global way is needed; i. e. without a detailed analysis for 
each of these variables. In this work, for predicting the energy demand, the global variables affecting it have been 
defined first. It has been established that social, economic and technological development aspects can be taken into 
account by means of three important variables: population growth rate, gross domestic product per capita and energy 
intensity. Based on the simple model presented here, energy demand can be forecasted in accordance with different 
scenarios for the variables´ future evolution. As an example case, this model has been applied to estimating possible 
scenarios of the electrical energy demand in Mexico, for the next 40 years. At the end, based on these results, some 
recommendations are made for electrical energy planners and policy-makers. 
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1. Introduction 
Demand forecasting is an essential prerequisite of an energy system study, not only for planning the 
investment in the capacity expansion, but also because it plays an important role for setting tariffs and 
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relevant plans for the demand side management. As a result, energy demand forecasting studies constitute 
a vital part of the energy policy of any country, especially for those countries, like Mexico, whose energy 
demand is growing relatively fast. Due to its developing economic structure, Mexico´s energy demand, 
especially for electricity, has been increasing quickly as a result of its economic growth in recent years. 
Gross electricity consumption was around 150 TWh in 2000. It increased to around 181.5 TWh in 2009, 
and according to the government projections, it will be 370 TWh in 2025 [1]. This situation shows that the 
electricity sector in Mexico is dynamically changing as occurs in many other developing countries in a 
similar situation. 
In literature, considerable efforts have been made for energy demand forecasting. Box–Jenkins models, 
regression models, econometric models, neural networks are the most commonly used techniques for 
energy forecasting studies [2]. For example, the use and limitations of economic models in the corporate 
environment were described by Baker and Finizza. They have reviewed the alternative model types and 
their applications for business environment analysis, investment alternatives and strategic decisions [3]. A 
study on model credibility was conducted by Yoichi Kaya in Japan. More than 10 economy wide models 
were selected and compared [4]. David B. Reister (1990) discussed the various engineering economic 
approaches for developing energy demand models [5]. The main theoretical and empirical issues 
encountered in the construction of a short/medium-term energy–economy linked system of models were 
presented by Capros et al. [6].  
The effect of the unexpected economic fluctuations, the perceived shortages in the natural gas supplies 
and the high dependency of the power generation system on this resource, results in an electrical energy 
cost increase and demand fluctuation in the short term. However, long term forecasting does not require 
observing the short term fluctuations of the many variables that affects energy demand, including those 
associated to political changes. Therefore, for the long term, instead of complex models, a more practical 
approach is needed in order to estimate the energy demand of any country. Hence, in this work we 
propose a simple model that requires the use of only a few macro variables for determining the long term 
variation of the energy demand. This model is applied to the electrical energy sector in the Mexican case, 
as an example, so that some policy recommendations are made at the end. 
2. The Macro variables and the Simple Model 
It is clear that the energy demand in a given country will increase at a rate that depends upon the 
population and economic growth of the people living in the country. On the other side, as the energy 
efficiency use is increased, as a consequence of the technological development, the energy demand will 
tend to be reduced. In other words, energy demand is driven by three important variables: Total 
population (P), Gross domestic product per capita (GDPC) and energy intensity (I).  
The first variable is related to social development and has to do with the way in which a given society 
changes culturally. While in India the population grows in an explosive manner, in several European 
countries the population is already decreasing. Therefore, we can expect a more slow energy demand 
increase in these countries as compared to the high energy demand increase expected in India.  
Gross domestic product per capita is directly related to the degree of economic development of a 
country or region.  It is also related to the productivity of the people and therefore, the larger this variable, 
the more energy will be demanded. Asia countries like China and India itself are having an economic 
growth which is much higher than that of developed countries, like USA or Germany. Therefore, the 
energy demand increase rate in these countries will be incomparable smaller than for developing 
countries.   
The energy intensity is a variable that has to do with the efficiency and the productive use of energy by 
a particular society. We expect this variable to be related with many aspects of the everyday life of the 
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people in the country. High energy intensity has to do with a non-sustainable use of energy, and also with 
low technology penetration in the way of living and production of the respective country. Then, in this 
case we expect an opposite behavior for this variable in developed and developing countries, i. e. high 
energy intensity in developing countries and low energy intensity in developed countries. 
The above macro variables implicitly contain (are functions of) what we can consider micro variables 
usually involved in complex models. For example, population growth is a function of the birth rate, which 
in turn depends upon educational and cultural evolution, in addition to health and economic development, 
and government policies, as well. Growth of the gross domestic product per capita (GDPC) has to do with 
local and global economic policies. Energy intensity, as explained before, is related to the sustainable and 
appropriate use of technology to increase energy efficiency. 
From the above variables we can establish the following relation: 
 
           (1), 
      (1), 
 
 
where E is the energy used (demanded) and GDP is the total gross domestic production at the specific 
country.  
Notice that equation (1) is an identity and therefore we can consider it to be an exact equation from 
which we can forecast the evolution of energy demand by simply forecasting the evolution of P, GDPC 
and energy intensity (I). Any deviation for the used energy as a function of P, GDPC and I would mean 
that, when evaluated independently, these variables are not measured in a reliable way. However, when 
used properly this equation should be enough to predict the evolution of energy demand in any country. 
This equation can be used also for electrical energy demand forecasting, but in this case it should be 
noticed that instead of (I) we must use a new variable (IE) which is energy intensity-like. It is not real 
energy intensity because this has significance only when we consider the total energy consumed and the 
total gross production at any country. Nevertheless, IE is a fraction of the total energy intensity (IE = fE * I, 
where fE is less than 1). In addition, the evolution of IE can be determined from previous years and 
applied to estimate the electrical energy demand in the future, according to specific assumptions or 
scenarios in the respective country. In this case, for the electrical energy demand (EE) we can re-write 
equation (1) as 
                       
      (2). 
 
In summary, eq. (1) is an exact equation for the total energy demand, but eq. (2) for electricity can be 
considered an exact, but a less formal equation than eq. (1). This equation will be used, as an example, for 
generating different forecasting scenarios of the electrical energy demand in Mexico. 
3. Electrical Energy Demand in Mexico 
The electrical energy demand in Mexico, for the last years, together with the projected demand up to 
2025, as expected by the electrical energy utility company (CFE) is shown in fig. 1. According to CFE, 
the electrical energy production up to 2025 is expected to grow 4.6% every year. However, the future 
energy demand will depend on population and economic growth, and the energy usage efficiency, as 
explained before. Therefore, the energy growth rate cannot be given without an explanation of the 
scenario under which it is obtained. Such a number would not be helpful in order to see what policies are 
appropriate for developing the electricity sector in the country. 
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Fig. 1. Expected growth of the electrical energy demand according to Comision Federal de Electricidad (CFE) in Mexico, for years 
2009-2025. CFE is the electrical energy utility in Mexico. 
 
Then, the first step for future energy demand is to observe the evolution of the above mentioned three 
variables during the past years. The population evolution in Mexico is shown in fig. 2. We must notice 
that for the last 30 years the population has increased at an almost constant rate (1.25 million/year), 
which implies that the annual population growth rate has been declining from 2.2% in 1980 to 1.1% per 
year in 2012. In other words, the population growth rate (in percentage) has been reduced by almost a half 
from 1980 to 2012. Furthermore, the expected population growth scenario, according to the Mexican 
population agency (CONAPO), is shown in fig. 3. This scenario can be used for estimating the energy 
demand in future years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Comparison of the population (m = millions) evolution for different countries, as indicated, during years 1980-2010. Data is 
from the World Bank. 
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Fig. 3. Most likely population growth in Mexico from 2010 to 2050, according to the Mexican population council (CONAPO). 
 
The economic development as related to the gross domestic product per capita is shown in fig. 4, 
comparing Mexico with other countries. Here we can notice the great change in this important variable 
for South Korea, during the 30 year period 1980-2010, as compared with other developing countries like 
Brazil and Mexico. Of course, such an evolution depends upon the appropriate economic policies. In. fig. 
5, a more detailed graph of the GDPC is shown for Mexico during the period 1980-2010. A slight 
increase in the growth rate of this variable can be observed for the period 1995-2010 as compared to the 
period 1980-1995. According to this, an average growth rate around 500 dollars/year can be expected in 
the following years.  Notice that our dollar unit is the international dollar (PPP). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Comparison of the gross domestic product per capita in dollars (PPP), for different countries, during years 1980-2010. Data 
is from the World Bank. 
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Fig. 5. Gross Domestic product per capita in dollars (PPP) in Mexico during years 1980-2010. Data is from the World Bank. 
 
In fig. 6, the “electrical energy intensity” (IE) in Mexico is compared to that of other countries. In this 
regard, Mexico seems to be better, compared with other countries, with similar GDPC, such as Brasil and 
China. For developed countries, including USA, Germany and South Korea, we notice the apparent 
advantage of Germany, since it has a larger GDPC but a smaller “electrical energy intensity” than South 
Korea. Then, if we take other countries as a model, Mexico´s decision makers might try to observe 
closely at Germany for efficient and sustainable electrical energy utilization and South Korea for 
economic measures. In figure 7, the “electrical energy intensity” evolution in Mexico is shown. Since 
1995 up to 2009, a reduction of IE has been observed at a rate of about 2.9% every year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Comparison of the “Electrical energy intensity” in kWh/Dollar for different countries, as indicated, using data from the 
World Bank. 
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Fig. 7. Evolution of the “Electrical energy intensity” in kWh/Dollar for Mexico during years 1980-2010, using data from the World 
Bank. 
 
Our basic scenario is the one where all the above variation rates are kept constant. That is, population 
increasing 1.25 million persons per year, starting at 115 million last year; economic growth, as measured 
by GDPC, increasing at an average of 500 dollars per year, starting at 15 000 dollars last year; and 
“electrical energy intensity” reduction of 2.9% every year, starting at 0.14317 kWh/dollar in 2009. 
Therefore, the total electrical energy required in 2025 would be 0.08885*21*130 = 242.6 TWh. It is 
interesting to see that the projected electrical energy production increase of 4.6% by CFE from 2009 up to 
2025 is simply out of the reality. At least it is not justified. 
From the preceding analysis we can see the importance of the electrical energy intensity. Then, we 
need some discussion about this variable and its possible variation in the following years. The United 
Nations Organization has established as a goal for sustainable energy (for all) by 2030 a reduction of the 
energy intensity in about 30 to 40% of the present values. The electrical energy intensity is only a fraction 
of the total energy intensity; however, electricity will become the main source of energy, not only for the 
present uses, but also for transportation in electric vehicles in the medium term (25 to 50 years). Hence, 
higher efficiency will cause an intensity reduction which will be compensated by the higher electrical 
energy contribution to the total energy consumed in the world. Therefore, we shall assume that this 
variable will continue to be reduced at the same rate observed during the last 15 years, i. e. about 2.9% 
every year. 
The other important variable which needs review is the one related to the economic growth. An 
increase of GDPC at a rate of 500 dollars annually means that in 40 years, the GDPC in Mexico will be 
about 35 000 dollars (PPP). This is very much less than the present GDPC in Germany and far less than 
the present GDPC of the United States. In other words, our present economic growth is such that we 
cannot aspire to reach in 40 years the present level of life of those in developed countries. Then, the 
GDPC is needed to increase at least 1 000 dollars every year to reach 55,000 dollars in 2050. This would 
be equivalent to a sustained annual economic growth of around 3.3% during the following 40 years. 
 CONAPO (the National Demographic Council for the Interior Ministry in Mexico) has a slightly 
different prediction of the expected population in 2025 and 2050 (see fig. 3). With our estimated average 
variation we determined a population of about 130 million as compared to CONAPO´s expected value of 
132.5 million for 2025, and our estimated value of 161.5 million as compared to CONAPO´s 151 million 
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for 2050. Since there is not great modification of the expected population with our estimation and that of 
CONAPO´s we shall use the CONAPO´s value for year 2050. Then, the calculated electrical energy 
required for year 2050 will be 349.8 TWh. 
The above results are summarized in table 1 and can be compared with the expected values by CFE 
assuming a 4.6% growth of the demand every year. If we start from 181.5 TWh in 2009, according to 
CFE, in 2025 the energy needed would be 372.7 TWh, and if the demand rate is kept constant at 4.6% up 
to 2050, the energy demand would be 1147.3 TWh. These numbers are very large compared with our 
corresponding results for which we have taken a good annual economic growth of 3.3% and the expected 
population as projected by CONAPO. Therefore, we hope that this work is useful for modifying the 
CFE´s own expectations, which we consider simply out of the reality, as explained above.  
 
Table 1. Comparison of the electrical energy demand (TWh) in Mexico for the different scenarios analyzed in this work 
Expected Electrical 
Energy Demand 
(TWh) 
 
Our Scenario with CONAPO´s 
population 
 
CFE 
2025 242.6 372.7 
2050                     349.8                 1147.3 
Conclusion 
In this work we have proposed a simple model for long term energy demand forecasting which 
involves only three macro variables in the social, economic and technological dimensions of any country.  
The evolution of population, gross domestic product per capita and energy intensity, respectively, will 
determine the future energy demand. This is the main result, but this simple model has also been applied 
to the electrical energy sector in Mexico. When making reasonable assumptions for the evolution of the 
above variables until year 2050, we obtain that the electrical energy demand will be much less than the 
value expected by the electrical energy utility (Comision Federal de Electricidad). These results are 
obtained despite the assumed moderate economic growth (3.3% annually), which will allow Mexicans to 
achieve in 2050 a gross domestic income per capita above the current value for USA, and the most likely 
population growth in Mexico (according to CONAPO´s expectations). The reduced electrical energy 
demand predicted with this model for 2050 when compared with CFE´s value is mainly due to the 
technological development impact on the electrical energy intensity which has been strongly reduced for 
the last 30 years in Mexico. This result is encouraging since this implies that the emission of global 
warming gases to the earth atmosphere for electrical energy production in Mexico will be very much less 
than the values expected by CFE, making it feasible to achieve the global warming gas emission 
reduction goal by 2050.  
We can also see in a clear way now that in order to have an scenario with an even further reduced 
energy demand in Mexico, for year 2050, we have to adopt energy policies which favors strong electrical 
energy savings and the use of a new infrastructure with reduced losses for production, transmission and 
consumption of electricity, using the most modern and highly efficient technologies, so that the electrical 
energy intensity rate of reduction is kept, at least at the same level of the past 20 years in Mexico. 
Improved sustainability in the way of living, increased productivity based on energy efficient 
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technologies and an energy saving approach will allow reduced electrical energy intensity, causing less 
electrical energy demand in the future, without restricting the economic and population growths.  
In another study [7] we show that a reduced electrical energy demand also has an important effect on 
the optimized portfolio of electrical energy sources. In the case of a reduced electrical energy demand, the 
expected participation of renewable energy sources (Wind, Photovoltaic, Geothermal, etc.) will become 
higher compared to a scenario with high electrical energy demand.         
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